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3.6 SENSITIVITY STUDIES USING CARBON CYCLE MODELS
Lester Machta

Sensitivity studies using carbon cycle models provide a way of
estimating uncertainties in model predictions and aid in distinguishing
between those factors in the model that require improvement and those
whose uncertainty makes little difference in a final answer. On the
other hand, sensitivity studies cannot identify defects that are incor-
porated in the model and for which no sensitivity analysis is possible.
Furthermore, a model based on the present physical and biological world
usually assumes that future behavior of that world can be derived from
its past and current status. One should remember that all models of
the real world limit their treatment to one or at most a very few
forcing functions.  In reality many other factors may also produce
relevant changes.

There are a wide variety of carbon cycle models currently available
into which one may enter values for fossil fuel or other C02 sources.
These models have in common three reservoirs: the atmosphere, the
oceans, and the biosphere. They also limit themselves to exchange
processes that act on a time scale less than several thousand years?
that is, many geologic processes are omitted. Each model subdivides
the reservoirs and transports carbon and its isotopes in different
ways. All models inject the past releases of fossil fuel C02 and, in
a few cases other sources of C02, into the atmospheric reservoir and
try to reconstruct the growth of C02 concentration in air as found
at, say, Mauna Loa Observatory after 1958.  In some instances, other
observations, not involved in model development, may also be used to
validate the model.

Few, if any, models of the carbon cycle would likely be published
unless there were some agreement with the Mauna Loa C02 record.
Thus, using predictions from the preindustrialized period to the
1958-1982 interval may not be useful for sensitivity studies. Rather,
predictions into the future, as long as they use the same projected
C02 releases, are a better approach to sensitivity. Note that this
in no way implies that the future emissions are known; merely that they
represent convenient and realistic numbers to use for sensitivity studies.

3.6.1 Comparison among Different Models

Killough and Emanuel (1981) have compared the projections made from two
simple ocean box models and three other more complex ocean layer models.
In each case, plausible parameters for the reservoirs, which include an
atmosphere and biosphere as well as the oceans, are used to determine
the size and exchange between reservoirs. Figure 3.20 illustrates the
projection to year 2275. The topmost curve labeled "cumulative release
+290 ppmv" represents the assumed curve of the input of C02 into the
atmosphere expressed in units of the atmospheric concentration as
though all the C02 remained airborne and were uniformly mixed in the
air. The input scenario and the models suggest a peak concentration in
the air about six times the preindustrial concentration of 290 ppmv.